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Bus simulation

* |t refers to an automatic process
— which includes simulation, measurement and report generation against a Bus, especially

thﬁe memory interface in an EDA tool

HE o =|
Fie Edit Setp Tools Window  Help cadence
| g - ER e T
Parallel Bus Analysis 2 5 :
= ey | b:\case_Pegatron_z01s0527, 0 x| |## | | (2 Cadence Central (2 Report1 x
Bus Setup @ s
| File Edit View Favorites Tools Help
Load a New/Existing Workspace M "
Assign 18IS Madels Dibbg_U20 s | % Q shareBrowser Webex - |
Edit Bus Models
Simulation Setup 4,1.1 Data Bus Report »
Set Timing Budget
;s DIMMS_Groupd.
iii@??l;i‘:.iiﬂilim Mass 1ro 4.1.1.1 D-\Server?_User\Gavinl_Lin\E699\DDR4_DQ0_W\DDR4_DQO0_W _copy'DDR4_DQ0_W_copy'resulti2
Fun Bus Simulation 3 S \Data_Write_Typ_Typ_Rankl\DiePad *
Simulation Results @ SMT_Shot3
—_—— = = DIMME_Groupd. Mm u21 T
Show Simulation Curves - 41LLLLU1001 2
Browse Resuits MB
DDR Measurement Report (%) & s Click on a signal name to see its waveform displayed.
Generate Report = DIMMi0_group4... M""“, Click on a criteria in a column header to see all its plots.
Export Report =
Show Measurement Results N Bus Type: Date, Edge Type: BothEdges, Bus Group: DDR4 DO_G1, Timing Ref: LDQS-LDQSE, Stimulus Offset: Default, Measurement Range: [93.642ps, end]
IBIS Augmentation ¥ _ IMb10_.. R Signal . Max . Max Min Min
Build AMI Model Lt e Overshont (V) Overshootres | 1oy 2% oy | Unershostires RBack_marginF RBack_marginl
Waveform Pin Juershoot (m (V-ns) ~hcershoot(m (Vns) (mV) (mV)
Customize Workflow ¥
W Ml LDM E7 32931 0.00318144 P NMP 254632 217.768
MM10_... 10_U...
LDQO (&) 359818 P NMP 271153 235205
LDOL F7 28.178 NP NP 26117 251198
1< ¥ D22 0 542393 0.00509412 MMP NMP 247368 219381
F=D Curves (Time Variation) LDO3 H 401668 0.00413874 P NMP 272784 232.803
imea g T MOy 3 [Time Domain | = |waveform i == LDQ4 H 449821 0.00450663 NMP NMP 18373
: AC/DC Threshold:| <Nane> v |s vReFdOW:os LDOS HS 753719 0.00775145 WP NP 219.999
Curves LDQ6 B 20178 0.00151826 MMP NMP 262.769
] Power &Ground vallage = - = " —
Bl Grow ge (V) LDX T 33.6987 0.0031 MMP NMP 250458
B G3LF3  |MMP NP NP NP 669324 669887
?\-'E.m N4 = Not dnnlirahle: NMP = Nn Moasurement Pnssihle
O] pQs_tbQs_c = =T
Data_iWirite_Typ_Typ_Rank3 =3 DIMM10_U2
£ Rx: DIMM10_U30 (=1 Die Pad
Die Pad =-[3 Group44
1 Power & Ground O pqo
=+ [ Groupsd 8 gg; 0.187
() DQ3 0.1 1.71.236
© DQS_t-DQS_c 0
B -3 Data_Write_Typ_Typ_Ranks
-3 DIMM10_U30
m =-[1 Die Pad -1
_ [ Group#4
Loaded Curves ®
Time (ns) O pQ1
history\5\1\Data_Read_Typ_Typ_Rank1\DiePad\Controller_DDRO_DQ[60].cur —— O b2 1 0.r24
- D@3
I ) DQS_tDQs_c

cadence




IBIS model

 Intrinsic format - the description of [Pin], [Diff Pin] and [Model Selector]
« IBIS makes Bus simulation possible in an EDA tool

—Stimulus Definition & Model Selection

easy to assign data groups with individual timing reference
Easy to change models and settings in batch mode

Data Rate: Gbps Clock Period: T = ns Bit Period: UI = ns  Minimum # of Bits:

Controller | Memary |

ay Memory Blocks Share I0 Models

Stimulus Pattern

1000110101110001..
1000110101110001..
1000110101110001..
1000110101110001..
1000110101110001..

10..
oL,

1000110101110001..
1000110101110001..
1000110101110001..

Bus Group/Signal

= Group44-low
DDRO_DQ<56>
DDRO_DQ<57>
DDRO_DQ<58>
DDRO_DQ<59>
DDRO_DQS_7_P
DDRO_DQS 7 N
] ooro_ck op
] oboro_ck o N

= Group44-Upper
DDRO_DQ<60>
DDRO_DQ<61>
"l DDRO DO<6:

10 Mode! Filter: |

Stimulus Offset (ns)
Default

0.5T

0.5T

0.5T

0.5T

0.75T

0.75T

Transmit I0 Model

pod12_34 &0odt
pod12_34 60odt
pod12_34 60odt
pod12_34 &0odt
pod12_34 60odt
pod12_34 60odt
podiZ_34

pod12_34 &0odt
pod12_34 60odt

Receive I0 Model

pod12_34_60odt
pod12_34_60odt
pod12_34_60odt
pod12_34_60odt
pod12_34_60odt
pod12_34_60odt

Status

Signal
Signal
Signal
Signal
Timing Ref

Timing Ref

& |G

Signal
Signal
Signal

altage (v)

FeadSkew 697933 [ps]

T viHGe) min = 0.866 (V)

WREF(dC) = 0 768 [v) > f/\ 2 / L1 / \/\Vr\ f
I

Vil fac) mos = 1668 [V} . / 'A\ / \--F
i A N W I L LY
A

Sl

R e PN

‘/‘V’lﬁﬁlﬁgﬁ‘ﬂﬁ”“mfﬂ?%
J \ ,
Jo N
W W

1
e :\M., e

iLdiff{ac) mas =-0.2 ()

|

33 3ih 34 346 35 3546 36
Time (ng)
result\2\Diata_Read_Typ_Typ_Rank1\DiePad\Controller DDRO_DQOS cur
result\2\Data_Read_Typ_Typ_Rank1\DiePad\Controller DDRO_DQS0-DDRO_DQS0b cur

T
T
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SPICE netlist

«  Maximum freedom in the circuit format but hard for Bus simulation to

be implemented

- Has detailed characteristics of circuits which can’t be fully described

by IBIS model

— Some IC designers prefer using SPICE netlist model than IBIS model

"""""" termination load and voltage
27 *VRTT VTT GROUND "0.5vdd15"
98 ‘R1VTT PAD 25
93 *C1 PAD GROUND 4p
100 *C2 C GROUND 0.1p

103
104 WVODTEN ODTEN GROUND 0 *high-active for termination impedance control enable, or termination=none

108 VODT1 ODT1 GROUND O
107 VODT2 ODT2 GROUND O

108

109 rrrrrrs termination impedance table****
110 *ODT2 ODT1 ODTO

111

112 *‘maode=1h0 (DDR2 mode)

112 *3'h000=none

114 *3'h001="1500hm

115 *3'h010=T5chm

118 *3°h011=500hm

117

118 ‘maode=1h1 (DDR3 mode)

118 *F'h000=none

120 *3'h001=1200hm

121 *3'h010=600hm

122 *3'h011=400hm

123 *3'h100=300hm

124 *3'h101=200hm

125

GED *+# 54 A b AARARARRARARAUARARARRAARARR SR AR
127

128

128 “*“'unencrypted
120 “inc P R e C . i - P WETR e C
131

132 ** ol

133 linc . - o . v " " " ~ ot

134

135

138

105 VODTO ODTO GROUND wdd12  *ODT[2:0] termination impedance bits control, ex:3'h000=none (detail table as bellow)

131 XDUT C CN1 CN2 CN3 CP1CP2 CP3 DSEL DVDD DVSS | MODE ODTO ODT1 ODT2 ODTEN OE PAD PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
1

140 * Parameter & Corner

(B »~»#sananananananansnasanannasnnnnsnsnnnanannn

142 * TEMP 60

143 *param fixed_cor_sw=1 wdd33="3.3 vratio’ wdd15="1.5"vratio" vdd18="1.8 "vratio” wdd 12="1.2 "vratio"
144 * param vratio=1

A5
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IBIS External Model

* Allow a spice netlist to be called by an IBIS model, which means:

[External Model]
Language SFPICE
|

| Corner corner name file name circuit name (.subckt name)

° Wlth IBIS format’ easy for Corner Typ buffer typ.spi| buffer io typ
. . Corner Min buffer min.spi| buffer io min
BUS-Slm to be |mp|emented Corner Max buffer max.spi| buffer io max
. |
® |f1(3|lj(j€3 (jEBtEilIEB(j | Parameters - Not supported in SPICE
— . . |
(3?1E1FEi(ItEBfISStI(:SS ()f (:lr(:t]lt | Ports List of port names (in same order as in SPICE)
Ports A signal my drive my enable my receive my ref
Ports A puref A pdref A pcref A gcref A extref
|
| D to A dport portl port2 vlow vhigh trise tfall corner name
DtoA Ddrive my drive my ref 0.0 3.3 0.5n 0.3n Typ
D to A D enable my enable A gcref 0.0 3.3 0.5n 0.3n Typ

A to D d port portl port?2 vlow vhigh corner name
A toD D receive my receive my ref 0.8 2.0 Typ

|

|

|

| Note: A signal might also be used instead of a user-defined interface port
| for measurements taken at the die pads
|

[

End External Model]
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SPICE netlist of tranS|stor based device

model

An example of
SPICE netlist for a
transistor based
device model

» For power supply,
there are:

 VDD_Core/Vss_Core
- VDDIO/VSSIO
* VREF

Question: if we
can use IBIS
[External Model]
to call this

netlist to
execute a fully
power-aware
Bus-Simulation?

6 44000 g mingtion load and et
167 “VRTT VTT GROUND "0.5*vdd 15

182 ‘R1VTT PAD 25

189 *C1 PAD GROUND 4p

170 *C2 C GROUND 0.1p

172 st rarmination control

173

174 VODTEN ODTEN GROUND 0 *high-active for termination impedance control enable, or termination=none

175 VODTO ODTO GROUND wdd12  *ODT[2:0] termination impedance bits control, ex:3'b000=none (detail table as bellow)
176 VODT1 ODT1 GROUND 0

177 VODT2 ODT2 GROUND 0

173

178 1o Yrermination impedance table 'ttt

180 *ODT2 ODT1 ODTO b

181

182 ‘mode=1"b0 {DDR2 mode)

182 *3'h000=none

184 *3'h001=1500hm

185 *3'h010=750hm

186 *3'h011=50chm

187

188 ‘mode=1"b1 {DDR3 mode)

122 *3'h000=none

140 *3'h001=1200hm

181 *3'h010=600hm

182 *3'h011=40chm

93 *3'h100=300hm

184 *3'h101=200hm

185
196

187 VDD_Core/VSS_Core VDDIO/VSSIO and VREF

108

183 ynencrypted

Z00 HIC.r P Sie o G Werer b g | HCERE LT I W e R L Y PRTCT R WP R B e i A
201

202 **Man o pe « o i i

ggz-"lc"""'""’ LR LR LU ""'l"'."'i‘n;at""l' LY --t-lcdu-;pl;ttlom T s O R RO IR TR R T e

205

206 *
207 XDUT1 C CN1 CN2 CN3 CP1 CP2 CP3 DSELDVDD DVS!
208
209 XDUTS C CN1CN2CN3CP1CP2CP3 DSEL DvVDD DVSS 13 MODE 0DTI] onT1 0DT2 0DTEN 0E PAD3 PD POC RXEN VDD VREF VSS SLP BI SDS 18V D PDO
210 XDUT4 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 14 MODE ODTO ODT1 ODT2 ODTEN OE PAD4 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO

211 XDUT5 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 15 MODE ODTO ODT1 ODT2 ODTEN OE PADS PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
212 XDUT6 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 16 MODE ODT0 ODT1 ODT2 ODTEN OE PADG PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
213 XDUT7 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS I7 MODE ODTO ODT1 ODT2 ODTEN OE PAD7 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
214 XDUT8 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 18 MODE ODT0 ODT1 ODT2 ODTEN OE PADS PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
215 XDUT9 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 19 MODE ODT0 ODT1 ODT2 ODTEN OE PADS PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
216 XDUT10 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 110 MODE ODTO ODT1 ODT2 ODTEN OE PAD10 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
217 XDUT11 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 111 MODE ODTO ODT1 ODT2 ODTEN OE PAD11 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
218 XDUT12 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 112 MODE ODTO ODT1 ODT2 ODTEN OE PAD12 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
219 XDUT13 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 113 MODE ODTO ODT1 ODT2 ODTEN OE PAD13 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
220 XDUT14 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 114 MODE ODTO ODT1 ODT2 ODTEN OE PAD 14 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
221 XDUT15 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 115 MODE ODTO ODT1 ODT2 ODTEN OE PAD15 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
222 XpUT16 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 116 MODE ODTO ODT1 ODT2 ODTEN OE PAD16 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
223 XDUT17 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 117 MODE ODTO ODT1 ODT2 ODTEN OE PAD17 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
224 XDUT18 C CN'1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 118 MODE ODT0 ODT1 ODT2 ODTEN OE PAD18 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
225 XDUT19 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 119 MODE ODTO ODT1 ODT2 ODTEN OE PAD19 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
226 XDUT20 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 120 MODE ODTO ODT1 ODT2 ODTEN OE PAD20 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO
227 XDUT21 C CN1 CN2 CN3 CP1 CP2 CP3 DSEL DVDD DVSS 121 MODE ODTO ODT1 ODT2 ODTEN OE PAD21 PD POC RXEN VDD VREF VSS SLP_BI_SDS_18V_D_PDO

ODE ODTO ODT1 0DT2 ODTEN OE
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Multi-power nets in [External Model] Section?

— A .F —
— my_drive —» -pere R urbf/A pC Ef 3
D_drive — D_to_A — | - | ﬂ |_r-.—|
—— my_ref — A_pdref ZI o ,—_r—l I | 5
< | {‘*F- Rise _———
[External | A_pcref L i tFa||| | | | Lpky  R_pkg |
—> my_enable—»  Model] — |
D_enable —» D_to_A using 4 j | [ J_ C C E Vo |
—— A_gcref SPICE, I A_gcref r ,'r | | C_comp C_pk
Verilog-A(MS), : | ) |
3 JdL07 1] i
. VHDL-A(MS) |— A_signal | | - ]
D_receive«—  A_to_D e f\_ ref/A gcl-reif—l T - - —
—— my_ref — A_extref —
A_gnd —
[External Model]
Language SPICE
|
° Same as a normal IBIS mOdeL an | Corner corner name |[file name circuit name (.subckt name)
|B|S model Wlth [External Model] Corner Typ buffer typ.spi buffer io typ
Corner Min buffer min.spi buffer ioc min
can Connect tO Only one PWR / Corner Max buffer max.spi buffer ioc max
i |
GND palr1 usua”y the VDDIO and | Parameters - Not supported in SPICE
VSSIO. |
| Ports List of port pames (in same order as in SPICE)

° What WI” we do for the fO”OWIﬂg Ports A signal my dri¥e my enable m zciiziergyiref

Ports|A puref Aﬁp&ref A pcret Aﬁgcref
1. VDD_Core/Vss_Core '

| D to A d port portl port?2 vlow vhigh trise tfall corner name

-A puref A pdref A pcref A gcref D to A D drive my drive my ref 0.0 3.3 0.5n 0.3n Typ
) ) ) - - — - -
- - - - D to A D enable my enable A gcref 0.0 3.3 0.5n 0.3n Typ

2. VDDIO/SSIO I
A to D d port portl port?2 vlow vhigh corner name
— A to D D receive my receive my ref 0.8 2.0 Typ

3. VREF

I

Note: A signal might also be used instead of a user-defined interface port

for measurements taken at the die pads

|
|
|
|
|
[End External Model]
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Multi-power nets in [External Model] Section?

Cont’

(spY¥ce_io.ckt)

1 .subckt se_drv15_odtoff|DVDD DVSS PAD | OE nd_out_of_in

2
2 param vdd15="1.5"
4, param vdd12="1.2"

S|VREF VREF GROUND '0.5"vild 15" ‘reference voltage for the SSTL receiver Tpadi illgl
=1

7 .protect

g .inc ib/design_io_pad.inc

2 unprotect
10
11 “VDVDD DVDD GROUND wdd15
12 AVNVES DVSS GROUND O
VDDA12 VDD GROUND vdd12
VSSA12 VSS GROUND O

‘power supply voltage

‘core power supply voltage|

18 VMODE MODE GROUND vdd 12

17 *1'b0 selects DDR2 mode
18 "1'b1 selects DDOR3 mode
18 VPOC POC GROUND 0 ‘power on control @padring
20

21 .connect OE RXEN

2z

23

24 VPD PD GROUND wdd12
25

26 VDSEL DSEL GROUND vdd12

‘'mode select signal

‘active-high for receiver power down signal

‘DDR2 drive slect signal

27 *1'h0 60% drive (clasel)

28 *1"b1 full drive (classll)

28

30 trrrrriitt tarmination control ttt
31

32 VODTEN ODTEN GROUND ¢ *high-active for termination impedance control enable, or termination=none

32 VODTO ODTO GROUND wdd12  *ODT[2:0] termination impedance bits control, ex:3'h000=none (detail table as bellow)
24 VODT1 0DT1 GROUND O

35 WVODT2 ODT2 GROUND O

Model se_dru15_odtoff

|
[Model] se_drul15_odtoff
todel_type 1/0

Polarity Hon-Inverting

Enable Active-High

[Voltage Range] 1.500U0

[Ranp]

| variable typ min

B8.7208/8.886n
B8.720/0.086n

du/dt_r B8.728/8.886n
du/dt_f B8.7208/8._806n
R_load = 50.0688

|
[External Hodel]
Language SPICE

| Corner corner_name file_name

Corner Typ spice_io.ckt
Corner Hin spice_io_min.ckt
Corner Hax spice_io_max.ckt

1.425U

1.5750

max
8.728/8. 08060
8.728/8.006n

circuit_name (.subckt name)

se_drv15_odtoff

se_dru15_odtoff_nin
se_drv15_odtoff_max

Ports |A_puref A_pdref A_signal my_drive my_enable my_receive

ts List of port names {in same order as in SPICE}

| P_to_A d_port portl port2 vlow vhigh trise tfall corner_name

D_to_aA D_drive my_drive A_pdref 8.8
D_to_A D_drive my_drive A_pdref 8.
D_to_a D_drive my_drive A_pdref 8.
D_to_A D_enable my_enable A_pdref
D_to_A D_enable my_enable fA_pdref
D_to_A D_enable my_enable A_pdref @
| A_to_D d_port port1 port2 vlow vhi
A_to_D D_receive my_receive A_pdref 6.8
A_to_D D_receive my_receive A_pdref 6.8
A_to_D D_receive my_receive A_pdref 6.0

|
[End External Hodel]

o
1
1
1

Typ
Hin
Hax

1.2 18p 18p Typ
1.2 16p 16p Hin
1.2 18p 16p Hax
8 1.2 16p 18p Typ
6 1.2 10p 168p Min
8 1.2 10p 18p Hax
gh corner_name

* Except the VDDIO and VSSIO, which will be connected to real power delivery network
routing, the other PWR and GND will be connected to a “IDEAL” voltage source.

Not Fully Power-Aware
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IBIS-drive SPICE netlist

You will have all

convenience F
brought by the IBIS
format for Bus-sim vbp_core vbp_io I

Your 10 SPICE Netlist

An IBIS model

Your
System

_ _ VSS_CORE  VSS_IO —
You will have all connection

flexibilities as you use SPICE; _
For example, all the PWR/GND
nodes could be connected to

real PDN.

cadence



IBIS-drive SPICE netlist (Cont’)

r_>

VDD_Ci)RE VDD_0 | )

Your 10 SPICE Netlist

2

An IBIS model
Your
System

O buffer desires a “1.2V”
ital input pattern:

VSS CORE VSS_IO —

1. Thisis not a digital signal

2. You will need an IBIS model ‘ l
which output voltage swing is
1.2V

3. Where’s the observation point
during Read operation?

cadence
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[External Model] and
additional circults
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A simple kit

N~

For “Write”: IBIS which
calls a'short circuit to
pass through digital data
using [External Maodel]

For “Read”: IBIS which
calls an.open circuit to
probe analog.received
data using [External
Model]

R=1e+15

1 dq@

2 dq1

3 dq2

4 dq3

5 dqs

6 dq5

7 dqb

8 dq7

9 dq8
18 dq?
11 dq18
12 dq11
13 dq12
14 dq13
15 dq14
16 dq15
17 dm@
18 dmi
19 dgsBp
28 dgsén
21 dgqsip
22 dgsin
23 usse
24 uppge

|

[Diff pin] inv_pin wvdiff
|

19 28 1686. 666mU
21 22 100. 690my

Dummy_I0
Dummy_10
Dummy_10
Dummy_I0
Dummy_10
Dummy_10
Dummy_I0
Dummy_T10
Dummy_10
Dummy_10
Dummy_T10
Dummy_10
Dummy_10
Dummy_I0
Dummy_10
Dummy_10
Dummy_I0
Dummy_10
Dunmy_10
Dummy_I0
Dummy_10
Dunmy_10
GHD
POWER

tdelay_typ tdelay_min  tdelay_max

8. 8s
a.8s

| Comp
|

Hodel Selector] Dummy_I0
single end driver
single end Receiver

t Bus Definitions

Hodel Write

[Hodel] Write

Hodel_type I/0

Polarity Non-Inverting
Enable Active-High

[Voltage Range] 1.580U 1.4250

[Ramp]
| variable typ

du/dt_r 8.128/8.6881n
dusdt_f 8.128/8.801n
R_load = 58.808

min max
B.128/68.881n 8.128/8.0881n
8.128/8.881n 8.128/0.0081n

1.575U

write.ckt

read.ckt
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Write Operation

\
IBIS which calls a ‘

short circuit to pass VDD_ CORE VDD o |—
through digital data
using [External Model]

Your 10 SPICE Netlist

> -
Your
__47 System

VSS_CORE VSS_IO "_

You will have all connection _

flexibilities as you use SPICE;
For example, all the PWR/GND
nodes could be connected to
real PDN.

R=1e-15
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Write Operation (cont’

N
IBIS which calls a

short circuit to pass
through digital data
using [External Model]

R=1e-15

19 28 108.888mU) A.8s
1 22 180.0086mU  B.9s5

[Z-]

Component Bus Definitions

[Hodel Selector] Dummy_IO0
Write single end driver
Read single end Receiver

|
| Model Write
I

I
[Hodel] Write
Model_type I/0

Polarity Hon-Inverting

Enable Active-High

[Voltage Range] 1.5000 1.4250

[Ramp]

| wariable typ min max

du/fdt_r 0.128/8.001n
du/sdt_f B.1268/8.881n
R_load = 58.008

8.128/0.0801n
8.128/08.801n

8.128/08.8061n
8.128/8.861n

I
[External Hodel]
Language SPICE

| Corner corner_name _£ile pame circuit name {.subckt name)
Corner Typ write.ckt write
Corner Min write.ckt write
Corner Hax write.ckt write

| Ports List of port names (in same order as in SPREE}
Ports A_puref A_pdref A_signal my_drive my_enable my_receive

1.575U

I

| D_to_A d_port porti
D_to_A D_drive my driv
D_to_A D_drive my_driv
D_to_A D_drive my_driu
D_to_A D_enable my_ena
D_to_A D_enable my_ena
D_to_A D_enable my_ena

RIPAD 1e-15

enis

Subckt wirite VDD DWVSS PAD 1 OE nd_owt_of_in

| A_to_D d_port port1 portZ vlow vhig
A_to D D_receive my receive A_pdref 8. l(
A_to D D_receive my receive A_pdref 6. \Alrltea'(: t
A_to D D_receive my receive A_pdref 8.9 1.9 Max

[End External Hodel]

| Model Read

cadence




Write Operation (cont’)

* In a bus simulation, user can easily switch the model of the
Controller’s buffer to “Write”

Controller | Memory |

Bus Group,/Signal

= DATAQ
D dm :
dqd
dgi
dg2
D o
£
£
B dos
dasip
dgs0n

= [ para:

Stimulus Pattern

1000110101110...

1000110101110...
1000110101110...
1000110101110...

10..
01..

Stimulus Offset (ns)
Default

0.5T
0.3T
0.3T

0.75T
0.75T

Transmit 10 Model

Write

Write
Write
Write

Write
Write
Write
Write
Write

Write
Write

Status

Signal
Signal
Signal

m m m m

Timing Ref
Timing Ref

milm  mlm o
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Write Operation (cont’

fons
[
1O circuit block
through.ibs
C M
DIgIta' data in - Controllert SRERL pkg_pcb Memory1
Digital data Analog data observed
Directly out = at memory pin
VRM
< = [
_4-» sa § T MOy 3 [ i waveform - SR ZB BB :ac/DC Threshold:| <Nanes - & wREFEV)fo.7s |
Curves
. %Es ::\Ev‘\'er&Gmund Veltage {¥)
L
1
R
T N |
D. dgs0p-dgson 0.44-----1 :L
f-O s DATAL |
- Rx: Memoryl 0.2 ===+ {_
= [ Die Pad 1
ELJ Power & Ground 0 E
Loaded Curves 0 z

result\3\Data_Write_Typ_Typ'\DiePad\Contraller1_dq0.cur
result\3\Data_Write_Typ_Typ'DiePad\Contraller1_dqi.cur

result\3\Data_Write_Typ_Typ\DiePad\Memory1_DQO.cur result\3\Data_Write_Typ_Typ\DiePad\Memory1 DQ2.cur
result\3\Data_Write_Typ_Typ\DiePad\Memory1 DQ1.cur
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Write Operation (cont’)

For a new project, the kit is re-usable with little modification

Modify according to your new project:

Can almost be re-used

through.ibs

— ®
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Write Operation (cont’

For a new project, the kit is re-usable with little modification

21 22 104.0080n0 9.85
| Component Bus Definitions

[Hodel Selector] Dummy_I0
Write single end driver
Read single end Receiver

| Hodel Write
I

I
[Hodel] Write
Model_type I/0

; Polarit Hon-Invertin
through'lbs Enable Y ‘fctiue—High ]
[Voltage Range] 1.5800 1.425U 1.575U
C [Ramp]
| variable typ min max
du/dt_r B.128/8.8081n 8.12@/08.881n 8.128/8.8061n
S dusdt_f 9.128/8.081n 8.120/0.801n 8.120/0.801n

R_load = 508.800

I
[External Hodel]
Lanquage SPICE

| Corner corner_name file_name circuit_name (.subckt name)

Corner Typ write.ckt write
Corner Hin write_ckt urite
Corner Hax write _ckt urite

| Ports List of port names (in same order as in SPICE)
Ports A_puref A_pdref A_signal my_drive my_enable my_receive

|
| D_to_A d_port port1 port2 vlow vhigh trise tfall corner_name MOdIfy to the correct

D_to_A D_drive my_drive A_pdref 8.8 [1.2|16p 18p Typ
D_to_A D_drive my_drive A_pdref 8.8 [1.2|16p8p Hin voltage level of your
D_to_A D_drive my_drive A_pdref 0.8 [1.2|16p 18p Hax

D_to_A D_enable my_enable A_pdref 8.8
D_to_A D_enable my_enable A_pdref 8.8 f1.2{ 48p 16p Hin

D_to_A D_enable my enable A_pdref 8.8 [1.2] 16p T0piHax

| A_to_D d_port port1 port2 vlow vhigh corner_name

A_to_D D_receive my_receive A_pdref 8.8 1.8 Typ .

f_to D D_receive my_receive A_pdref 8.8 1.0 Hin MOdlfy to the correct

A_to_D D_receive my_receive A_pdref 8.8 1.8 Hax Voltage level of your

|

[End External Hodel] IO’s Enable node
|

| Hodel Read

|

18p 18p Typ IO’s Input node
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Read Operation

r_>

VDD_CORE VDD_[O |
h |
IBIS which calls a
open circuit to probe Your 10 SPICE Netlist

analog received data =
using [External Model] B

Your
R=1e+15 47 ST
|

/ VSS_CORE  VSS_IO —
You-will have all connection _

flexibilities as you use SPICE;
For example, all the PWR/GND
nodes could be connected to
real PDN.
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Read Operation (cont’

N

IBIS which calls a
open circuit to probe
analog received data
using [External Model]

R=1e+15

A_to_D D_receive my receive A_pdref 8.8 1.8 Typ

A_to_ D D_receive my_receive A_pdref 8.8 1.8 Hin

A_to D D_receive my_receive A_pdref 8.8 1.8 Hax

I

[End External Hodel]

|

| Hodel Read

|

I

[Model] Read

Hodel_type I/0

Polarity Non-Inverting

Enable Active-High

[Voltage Range] 1.5000 1.425U 1.575U
[Ramp]

| variable typ min max
dufdt_r B8.120/0.001n 8.128/0.801n 8.128/8.0081n
du/sdt_f 0.126/8.801n 8.129/0.08081n 8.128/9.801n
R_load = 50.008

I

[External Hodel]

Language SPICE

|

| Corner corner_name ——e—frame—eireddt name (.subckt name)
Corner Typ read.ckt  read

Corner Hin read.ckt read

Corner Hax read.ckt read

| Ports List of port names (in same order a E)

Ports A_puref A_pdref A_signal my_drive my_enable WW receive

| D_tD_ﬁ d_PDI‘t Pﬂl‘t1 PDI‘t2 vlow Uhigh trise tfal oFner_name

D_to_A D_drive my_driv
D_to_A D_drive my_driv
D_to_A D_drive my_driv
D_to_A D_enable my_ena
D_to_n D_enable my_ena

D_to_A D_e
| A_to_D d
A_to_D D_r

nable my_ena

_port portil
eceive my_rell

Subckt read DVDD DWSS PAD | OE nd_owt_of _in
F. PAD DVSS 1e+15

enis

A_to D D_receive my receive A_pdref @

A_to_D D_receive my_receive fA_pdref 8 rEBEi(j (:L(t

I
[End Exter

{End]

nal Hodel]

| x*xxxxtlodified by Cadence Design Systemsxxxxx
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Read Operation (cont’)

If you want to observe the waveform

before |10:

IBIS which calls a
open circuit to probe
analog received data
using [External Model]

3

r_>

VDD_ CORE VDD 10 ||_

Your 1O SPICE Netlist

R=1e+15

Voltage Controlled
Voltage source

<=

VSS_ CORE vss 0 | —

Your
System

cadence



Read Operation (cont’)

* You will need to
modify the netlist of
the 10 circuit block
by adding some
“Voltage Controlled
Voltage sources”
which is controlled
by the voltage on IO
circuit block’s PAD.

* Connect the dummy
controller’s output
pad to these
“Voltage Controlled
Voltage sources”

‘VCCT2B DVDD dum 17854 DC 0.000000
‘VWVCCT2B dum17854 0 DC 1.500000
‘VGNDT2B DVSS 0 DC 0.000000

‘VENAT2B OE 0 DC 1.200000

‘VINT2B 1 0 PWL 0.0 0.000000

'+ 6.25 010 0. 6. 010 1.200000
*+ 1,250000-009 1.200000 1.260000e-009 0.000000
*+ 1.875000e-009 0.000000 1.885000e-009 1.200000
'+ 2.500000e-009 1.200000 2.510000e-009 0.000000
'+ 3.125000e-009 0.000000 3.135000e-009 1.200000
'+ 3.750000e-009 1.200000 3.760000e-009 0.000000
'+ 4,375000e-009 0.000000 4.385000e-009 1.200000
'+ 5.625000e-009 1.200000 5.635000e-009 0.000000
'+ 6.2 009 0. 6.2/ 009 1.200000
'+ 8.125000e-009 1.200000 8.135000e-009 0.000000

TEMP 25.000000
LOPTIONS INGOLD=2J000000
LOPTIONS NUMDGT=8

*.OPTIONS DELMAX=1.0000008-011
*.TRAN 5.000000¢-012 9.375000e-009
*PRINT TRAN V{PAD) {VCCT2B)

* PRINT TRAN \{DVDD)

*PRINT TRAN V{I)

*.END

E1 probe_PAD1DVSS VOLT = "1'V(PAD1,DVSS)"
E2 probe_PAD2 DVSS VOLT = "1'V(PAD2,DVSS)"
E3 probe_PAD3 DVSS VOLT = "1V(PAD3,DVSS)"
E4 probe_PAD4 DVSS VOLT = "1V(PAD4,DVSS)"
E5 probe_PADS DVSS VOLT = "1V(PAD5,DVSS)"
E6 probe_PAD6 DVSS VOLT = "1'V(PAD6,DVSS)"
E7 probe_PAD7 DVSS VOLT = "1'V(PAD7,DVSS)"
ES probe_PADS DVSS VOLT = "1'V(PADS,DVSS)"
E9 probe_PAD9 DVSS VOLT = "1'V(PAD9,DVSS)"
E10 probe_PAD10 DVSS VOLT = "1'V{PAD10,DVSS)”
E11 probe_PAD11DVSS VOLT = "1'V{PAD11,DVSS)”
E12 probe_PAD12 DVSS VOLT = "1'V{PAD12,DVSS)"
E13 probe_PAD13 DVSS VOLT = "1'V{PAD13,DVSS)"
E14 probe_PAD14 DVSS VOLT = "1'V{PAD14,DVSS}"
E15 probe_PAD15 DVSS VOLT = "1'V{PAD15DVSS)”
E16 probe_PAD16 DVSS VOLT = "1'V{PAD16.DVSS)”
E17 probe_PAD17 DVSS VOLT = "1'V{PAD17 DVSS)”
E18 probe_PAD18 DVSS VOLT = "1'V{PAD18,DVSS)”
E19 probe_PAD19 DVSS VOLT = "1'V{PAD19,DVSS)"
E20 probe_PAD20 DVSS VOLT = "1'V{PAD20,DVSS)”
E21probe_PAD21DVSS VOLT = “1'V(PAD21,DVSS)"
E22 probe_PAD22 DVSS VOLT = "1'V{PAD22IDVSS)"

Voltage Controlled
Voltage source

ends
f

spice_io_read.ckt

VDD_CORE VDD_IO

Your IO SPICE Netlist

e

VSS_CORE  VSS_IO

cadence



Read Operation (cont’)

* In a bus simulation, user can easily switch the model of the
Controller’s buffer to “Read”

Controller | Memory |
Bus Group,/Signal

=l

£

DATAD
dm0
dq0
dgl
dg2
dg3
dg4
dgs
dgé
dq7
dgslp
dgsln

DATAL

Receive IO Model

Status

Mot Connected
Signal

Signal

Signa

Mot Connected
Mot Connected
Mot Connected
Mot Connected
Mot Connected
Timing Ref
Timing Ref

cadence



Read Operation (cont’

IO circuit block
through.ibs

C M

Controller? SPICE_Model pkg_pchb Memory1

P
VRM

4]

=120 Curves (Time Variation)

imoa g T OB G

[ [ | waveform -  EEEER

Curves
i Woltage (V)
Foo———————= IT-o—————--=- = =
2 1 1 i i
1 1 i i
| \
Just Overla
1 1 i
18+-------—+ += e —m—mm— e — b — g —— = +==

1 1 i
1 1 i
i 1 1 I
*- ]l dasop-dgson o 1 |

| - [ DATAL [ S (LR | P LS S S EONEEN K
[=-[F] 3 Veltage Probes : : }
i i i

05— [ e S T
1 1 i
1 1 i
1 1 i
1 1 i
o 1o e DRIV, R,
0 1 i i
1 i i
1 i i
1 i i
1 1 i i
- — o 06 . . ‘ ‘
Loaded Curves 0 1 2 3 4
Tirne (ne)
result\$\Data_Read_Typ_Typ\DiePad\Controller 1_dq0.cur result\4\Data_Read_Typ_Typ'DiePad\Controller 1_dq2.cur result\d\Data_Read_Typ_Typ'\Probes\SPICE_Model_SPICE _out_Sigr
result\4#\Data_Read_Typ_Typ\DiePad\Controller1_dgl.cur result\#\Data_Read_Typ_Typ'Probes\SPICE_Model_SPICE_out_Signal 1-Ground.cur result\d\Data_Read_Typ_Typ\Probes\SPICE_Model_SPICE_out_Sigr
4 I | 3
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Read Operation (cont’)

For a new project, the kit is re-usable with little modification

Modify according to your new project:

Can be re-used

through.ibs

— ®
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Differential Buffer

No matter true or pseudo, you can use the same kit without any modification

because:

(take “write operation” as an example)

Controller (through.ibs)

Gonponent SingleEnd_Driver

Gonponent] Dunmy
Hanufacturer] Cadence Design System, SKPR.
Package]

variable typ nin nax

_pkg 0.0 6.0 0.0

Lpkg  0.0H .04 0.0H

Cpkg  0.0F 8.0F 0.0F

[Pin] signal_nane nodel_nane R_pin Lpin  c_pin
1 aq Dunny_10
2 aq1 Dunmy_10
3 dq2 Dunny 10
u dq3 Dunny 10
5 dqk Dunny_10
6 dq5 Dunny_10
7 dq6 Dunny_10
8 dq7 T Dunny_10
9 g8 Dunny_10
1 dge Dunny_10
1 aq10 Dunny_10
12 dgit Dunny_10
13 dgi2 Dunny_10
1 dgi3 Dunny_10
15 dgts Dunny_10
16 dqis Dunny_10
17 dne Dunny_10
8 dmt Dunny_10

Dunny_I0
20 dqsen Dunny_10
o4 immu TN

«««««

»
1.u250 1.5750

| varianle yp nin max

du/dt_r 8.120/0.083n 06.120/0.001n 8.126/0.001n

du/dt_F 8.120/0.007y 06.120/0.001n 8.126/8.001n

R_load = 50.000

|

[External Hodel]

Language SPICE

|

| torner corner_nane pape  circuit_mame (.subckt name

Corner  Typ write

torner  Hin write

Corner  Hax write

I

| Ports List of port names (in Samewgrder as in SPIGE)

Ports A_puref A_pdref A_signal my_drive
I

1N fn @ d nort naeft naet? alau uhioh feica FEall M

gnable my_receive

A

.subckt write DVDD DVSS PAD | OE nd_out_of_in

RIPAD 1e-15
ends write.ckt

SPICE Model Circuit Block
(Netlist-based 10 Model)
Vdd_core Vvdd io

Vss_core Vss io

ence
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Differential Buffer (cont’)
For Truly Differential Buffer typel:

Controller (through.ibs) SPICE Model Circuit Block
(Netlist-based 10 Model)

Vdd_core Vvdd io

R=1e-15

R=1e-15

1

Because:

1. Duringload IBIS, you will set dgsOp and
dgsOn as TimingRef

2. dgsOp and dqgsOn refer to one same model
whose polarity is “non-inverting”

out_of in_p

out_of in_n

EDA tool should or already can automatically
generate two stimulus signals with 180° phase

shift Vss_core Vss io

ence

~
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Differential Buffer (cont’)
For Truly Differential Buffer type2:

Controller (through.ibs) SPICE Model Circuit Block
(Netlist-based 10 Model)

Vdd_core Vvdd io

R=1e-15

R=1e-15

1

Because:

1. Duringload IBIS, you will set dgsOp and
dgsOn as TimingRef

2. dgsOp and dqgsOn refer to one same model
whose polarity is “non-inverting”

out_of in

EDA tool should or already can automatically
generate two stimulus signals with 180° phase

shift Vss_core Vss io

ence

~
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Differential Buffer (cont’)

For Pseudo Differential Buffer:

SPICE Model Circuit Block

Controller (through.ibs)
(Netlist-based 10 Model)

R=1e-15

- out_ of in_p

R=1e-15

1

Because: inn

1. Duringload IBIS, you will set dgsOp and
dgsOn as TimingRef

2. dgsOp and dqgsOn refer to one same model
whose polarity is “non-inverting” out of in n

EDA tool should or already can automatically
generate two stimulus signals with 180° phase
shift

~

(=]

ence



Differential Buffer (cont’)

For Pseudo Differential Buffer:

SPICE Model Circuit Block

Controller (through.ibs)
(Netlist-based 10 Model)

R=1e-15

- out_ of in_p

R=1e-15

1

Because: inn

1. Duringload IBIS, you will set dgsOp and
dgsOn as TimingRef

2. dgsOp and dqgsOn refer to one same model
whose polarity is “non-inverting” out of in n

EDA tool should or already can automatically
generate two stimulus signals with 180° phase
shift

~

(=]
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Differential Buffer (cont’
An example with method2: 3 DQ and 1 pair of DQS

£

=3 Rx: Memory1
- [FCA Die Pad

] Power & Ground
=-ECapqLl

Loaded Curves

I—§ZD Curves (Time Variation) - 0O
Db Bd ‘ b4 {m} =] 'ﬁ NS :l'ﬁme Domain |v|Wavefnrm |v‘ . . = = : AC/DC Threshold:| <Mone> | &% VREF(dc)(v):[0.75
Curves
B | result\l Valtage (V)
- I3 Data_Write_Typ_Typ
[JZ3 Tx: Contralleri 13

dmm e e P

R

—

a

result\1\Data_Write_Typ_Typ\DiePad\Memory1 DOQO.cur
result\1\Data_Write_Typ_Typ\DiePad\Memory1 DQ1.cur
result\1\Data_Write_Typ_Typ\DiePad\Memory1 DQ2.cur
result\1\Data_Write_Typ_Typ\DiePad\Memory1 LDQS.cur
result\1\Data_Write_Typ_Typ\DiePad\Memory1 LDQS#.cur

Time (ns)

JER I
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Solution flow chart

At the node
“out of in”

At the 10 pad

36 © 2015 Cadence Design Systems, Inc. All rights reserved.
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Summary
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Notes

For analysis of SSN

— With the full flexibilities as using SPICE, this method allows user to do a power-
aware SSN analysis between multiple signals and multiple PDNs, such as
VDD _Core/VSS_Core, VDDIO/VSSIO, VTT and VREF together at the same time.

Model modification and change of topology

— This method requires the change of topology - inserting a Spice block but the
wrapping .sp file according to the description in [External Model] is not necessary
since it's ready for use in the kit - easy for re-using this kit in a new project of a
new |O.

Read Operation

— As this method requires the change of topology when building topology, during the
analysis of read operatlon user will need to modify the netllst of the IO circuit
block by adding some “Voltage Controlled Voltage source” which is controlled by
the voltage on 10 circuit block’s PAD.

Differential Buffer

— This method can use the same kit without additional modification for both single-
end and differential buffer, no matter it’s truly or pseudo.
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http://www.ibis.org/ver6.1/ver6 1.pdf
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